Physiological modeling of butadiene disposition in mice and rats.
The earliest physiological models of 1,3-butadiene disposition reproduced uptake of the gas from closed chambers but over-predicted steady-state circulating concentrations of the mutagenic intermediates 1,2-epoxybut-3-ene and 1,2:3,4-diepoxybutane. A preliminary model based on the observation of a transient complex between cytochrome P450 and microsomal epoxide hydrolase on the endoplasmic reticulum membrane reproduced the blood epoxide concentrations as well as the chamber uptake data. This model was enhanced by the addition of equations for the production and detoxication of 3,4-epoxybutane-1,2-diol in the liver, lungs, and kidneys. The model includes flow-restricted delivery of butadiene and its metabolites to compartments for lungs, liver, fat, kidneys, gastrointestinal tract, other rapidly perfused tissues, and other slowly perfused tissues. Blood was distributed among compartments for arterial, venous, and tissue capillary spaces. Channeling of the three bound epoxides to epoxide hydrolase and their release from the endoplasmic reticulum are competing processes in this model. Parameters were estimated to fit data for chamber uptake of butadiene and epoxybutene, steady-state blood concentrations of epoxybutene and diepoxybutane, and the fractions of the inhaled dose of butadiene that appears as various excreted metabolites. The optimal values of the apparent K(m)s of membrane-bound epoxides for epoxide hydrolase were only 5% of the values for the cytosolic substrate, consistent with the observation of a transient complex between epoxide hydrolase and the cytochrome P450 that produces the epoxide. This proximity effect corresponds to the notion that epoxides produced in situ have privileged access to epoxide hydrolase. The model also predicts considerable accumulation of epoxybutanediol, in agreement with the observation that most of the DNA adducts in animals exposed to butadiene arise from this metabolite.